Since the unravelling of the human genome, systematic sampling of genetically informative data has become part of many epidemiological studies. Biobanks provide the necessary infrastructure for gene discovery studies for mental and physical health. The most valuable biobanks provide high quality genotypic information coupled to deep phenotyping. This is a tall order taking into account the costs and personnel involved in obtaining both kinds of information. That this effort is worthwhile is demonstrated by the results of large scale GWA studies on e.g. lipids, BMI and glucose (e.g. Aulchenko et al., 2009; Diabetes Genetics Initiative, 2007; Dupuis et al., 2010; Kettunen et al., 2009; Prokopenko et al., 2009; Scuteri et al., 2007) . As we aim to understand more about the steps that are involved between DNA sequence variation and the ultimate phenotypic expression, there is an increasing need to study intermediate steps, such as gene expression, epigenetics and proteomics.
In January 2004 the Netherlands Twin Register (NTR) undertook a pilot study to examine the feasibility of constructing a biobank, which would include a DNA collection, but also biological material suitable for gene expression studies, the creation of immortalized cell lines and future metabolomic and proteomics studies Spijker et al., 2004) . As the pilot study was successful, a 4-year project was undertaken to visit twins and their family members who participate in NTR research projects. These NTR
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The Netherlands Twin Register Biobank: A Resource for Genetic Epidemiological Studies projects include longitudinal survey studies (Boomsma et al., 2002 , cardiovascular studies (Kupper et al., 2005 (Kupper et al., , 2006 de Geus, 2007) , studies on the etiology of DZ twinning (Hoekstra et al., 2008) , studies on cognition and brain function (Smit et al., 2010; van 't Ent et al., 2009 ) and on psychiatric phenotypes (Distel et al., 2009; van Grootheest et al., 2008; Middeldorp et al., 2007) . The NTR Biobank thus aims to combine phenotypic information, often obtained on multiple occasions, with extensive genotypic information. One important additional feature of the NTR Biobank is the fact that information is obtained in family members who are biologically related (e.g. parents and children, siblings, twins) or who share a household but are biologically unrelated (e.g. spouses). Also, a large number of monozygotic (MZ) twins are included, who may be particularly valuable for epigenetics projects and RNA expression studies. After fours years, the collection of biological samples finished in 2008. This paper describes the NTR Biobank and the currently available genotypic and phenotypic information. In addition, we report on the distribution of subjective health reports, medication use and smoking for men and women in two age groups (younger than 50 years and 50 years and over). For body composition, lipid profile, glucose metabolism, haematology, CRP, liver enzymes, creatinine and fibrinogen we present descriptive statistics on younger and older unrelated men and women.
Methods

Participants
Individuals of 18 years and over who participated in NTR research and their family members who were registered as active participants with the NTR were selected for the study. Previous participation in NTR research could consist of completion of one or more surveys as part of a longitudinal study on health, lifestyle and personality, which started in 1991. Mailed questionnaires were sent out to twins and their family members in 1991, 1993, 1995, 1997, 2000, 2002/3, and 2004/5 . More than 22,000 participants from 5,500 families (some families are linked and come from larger pedigrees) have participated at least once in these surveys. In addition, individuals could have participated in smaller scale studies that focused on ambulatory cardiovascular responses, laboratory stress reactivity, cognitive function or brain function. The majority of families registered with the NTR were recruited when the twins were adolescents or young adults through City Council registration systems in 1990-91 and in 1992-93 . Since 1993, adult twins are recruited through a variety of other approaches, such as advertisements. Detailed information on the longitudinal survey study and additional projects has been provided previously (see Boomsma et al., 2002 Boomsma et al., , 2006 .
In addition to the participants already registered with the NTR, an active recruitment was initiated for families in which two sisters both were mothers of twins for a study on the genetics of dizygotic twinning (Hoekstra et al., 2008) . Women who were recruited into this study received an interview after which they and their family members (that is their parents or, in case no parents were present, their siblings) were also included in the biobank selection, following the same procedure as for other NTR participants.
The biobank further includes data from young twins and siblings who were registered as newborns by their parents and have been reported on by their parents from birth onwards until they became old enough to complete the reports themselves (Bartels et al., 2007) . These twins and siblings participated in a longitudinal study on cognition and health (Estourgievan Burk et al., in press) and as part of this study they underwent the same blood sampling protocol during a visit to the VU University as was used in the largescale biobank project.
The study protocol was approved by Central Ethics Committee on Research Involving Human Subjects of the VU University Medical Center, Amsterdam, an Institutional Review Board certified by the US Office of Human Research Protections (IRB number IRB-2991 under Federal-wide Assurance-3703; IRB/ institute codes, NTR 03-180) and informed consent was obtained from all participants. The study in young twins was in addition approved by the Central Committee on Research Involving Human Subjects.
Procedure
As NTR biobank participants were visited at home, the recruitment of NTR participants in the biobank took place in phases, based on residential address. A particular region of the country was targeted for a period of 4 to 6 weeks and all NTR participants within that region were invited. An invitation letter with an information leaflet was followed by a phone call to answer any questions and when the individual was willing to participate, to make an appointment for the blood sampling. Blood sampling and urine collection was obtained during a home visit, or when preferred, at another address or at work (<1%). Participants were visited by two research assistants, one of which was a trained phlebotomist, who took the blood samples. The other assistant obtained interview data and body composition measures. Visits took place between 7 a.m. and 10 a.m. and lasted 10 to 15 minutes.
Participants were instructed to fast as of 10 p.m. the previous night and to refrain as much as possible from medication use and physical exertion on the day of the home visit and, in the case of smokers, to refrain from smoking one hour prior to the home visit. Fertile women not using hormonal birth control were visited on the 2nd to 4th day of the menstrual cycle, whenever possible. They were asked to phone for an appointment in their region at the start of their menstrual period. Women taking hormonal birth control and who had one week every four weeks when they did not take hormones were visited in that week. Participants were asked to collect their morning urine.
Twin individuals were asked whether they would be willing to provide a swab for buccal DNA (Meulenbelt et al., 1995) to provide additional DNA for zygosity determination and for comparisons with DNA obtained from blood, because twins may show chimearism (van Dijk et al., 1996) . Materials for collection of buccal DNA were mailed in batches to participants within a few weeks after the home visits.
Blood Sampling, Processing and Storage
Using a safety lock butterfly needle, eight blood tubes were collected in the following order; 2 × 9 ml EDTA, 2 × 9 ml lithium heparin, 1 × 4.5 ml CTAD, 1 × 2 ml EDTA, 1 × 4.5 ml serum.
To prevent clotting, all tubes were inverted gently 8-10 times immediately after collection. When immediate processing of the sample was required (as is described further below for each of the samples), this took part in a van, which had a small laboratory set up in the back. All samples were subsequently transported to the central laboratory in Leiden. Average transport time was 196 minutes (SD = 76) and sample processing started as soon as samples arrived at the lab (full sample processing was completed on average 422 minutes (SD = 31) after sample collection). The degree of haemolysis was determined by observing the colour of the plasma after centrifugation. Based on observed haemolysis, there was no association between transport time and haemolysis.
The 2 × 9 ml EDTA anticoagulant tubes were collected for DNA isolation and EDTA plasma. During transport these tubes were stored in melting ice. Upon arrival at the laboratory, the EDTA tubes were centrifuged for 20 minutes at 2000x g at 4° C. EDTA plasma was harvested and aliquoted (0.5 ml), snapfrozen in dry ice, and stored at -30° C. The EDTA tubes with buffy coat and red cells samples were stored at -20° C.
For RNA isolation, one of the two 9 ml lithium heparin coagulant tubes was used. Prior to transport 2.5 ml blood was transferred to a Pax-tube, which was then gently inverted a number of times. During transport this Pax-tube, meant for basal RNA determination, was stored at room temperature and upon arrival in the laboratory snap-frozen in dry ice and stored at -30° C. Prior to transport, we added 65 μL Lipopolysaccharide (LPS Sigma L-3012 lot Nr: 36H4130 from Escherichia Coli Serotype 0111:B4) to the remainder of blood (~6.5 ml) in the heparin tube, resulting in a 1 μg/mL concentration. After inverting the tube gently a number of times, it was stored for exactly 6 hours after adding LPS in an insulated box with a constant temperature of 37° C. After 6 hours 2.5 ml of blood was taken from the heparin tube and added to a PAX-tube, inverting the tube gently afterwards. After two hours at room temperature the tube was snap-frozen and stored at -30° C.
The second heparin tube was stored in melting ice during transport and processed at the laboratory within 6 hours of transport. After centrifugation of the tube for 15 minutes at 1000x g at 4° C, heparin plasma was obtained and divided into 8 subsamples of 0.5 ml, snap-frozen and stored at -30° C. The processing of this second heparin tube took place in a sterile flow cabinet. For subsequent lymphocyte isolation, 14 ml phosphate-buffered saline (PBS) was added to the remaining blood cells and buffycoat. This diluted blood was then added to 10 ml Ficoll and centrifuged for 25 minutes at 800x g at room temperature. The middle layer containing the leucocytes was transferred into a new tube and 45 ml PBS was added. The solution was centrifuged 10 minutes at 250x g at room temperature. This washing step was repeated after discarding the supernatant. The lymphocyte pellet was then taken up into 1 ml RPMI: 20% Fetal Calf Serum (FCS), 10% and dimethyl sulfoxide (DMSO). Finally, pellets were frozen and stored overnight at -80° C and then transferred to liquid nitrogen for long-term storage.
The 4.5 ml CTAD tube was collected for future coagulation studies. It was stored during transport in melting ice and upon arrival at the laboratory, centrifuged for 20 minutes at 2000x g at 4° C, after which citrated plasma was harvested from the buffy coat and red blood cells, aliquoted (0.5 ml), snapfrozen in dry ice, and stored at -30° C.
The 2 ml EDTA tube was stored at room temperature during transport and used to obtain Hba1c and haematological parameters.
The 4.5 ml serum tube was stored during transport in melting ice. As before with the CTAD and 9 ml EDTA tubes, upon arrival at the laboratory, the serum tube was centrifuged for 20 minutes at 2000x g at 4°C
, after which serum plasma was harvested from the buffy coat and red blood cells, aliquoted (0.5 ml), snap-frozen in dry ice, and stored at -30° C.
An overview of blood collection, transport and blood handling is listed in Table 1 .
At sample collection the tubes were double coded; one code represents the individual according to the twin register ID (family ID and individual ID); the other code is sequential and is used to identify the storage position of the sample. The different types of samples are further identified by the tube size, colour of the cap or storage box. The RNA materials were labeled as A (unchallenged) and B (challenged).
Urine Processing and Storage
The urine sample collected by the participant was transferred to two 10 ml vacutainers and stored in melting ice during transport. In the laboratory the urine tubes were centrifuged for 20 min at 2000x g at 4° C. The urine without the debris pellet was then decanted in 10 ml plastic tubes, snap-frozen and stored at -30 0 C.
Buccal DNA Collection
Twins and triplets who agreed to do a mouth swab were mailed a sample collection kit containing a tube with cotton buds, tubes with collection buffer, a sam-pling protocol, informed consent forms and a prepaid envelope. They were asked to refrain from eating or drinking one hour prior to collection. Participants took mouth swabs themselves following the sampling protocol which instructed on how to gently rub the cotton swab tips along the inside of the mouth. After rubbing, the mouth swabs were placed in a Falcon tube, containing 0.5 ml of STE buffer (100 mM NaCl, 10 mM Tris and 10 mM EDTA) with proteinase K (0.1 mg/ml) and sodium dodecyl sulfate (0.5%) per mouth swab. In most participants, 16 mouth swabs were collected by conducting 4 separate swabs twice per day during two days. The sample tubes were returned by mail. Upon arrival, swabs were stored at room temperature in the laboratory until DNA extraction.
Biomarkers in Blood
Lipid profile. Total cholesterol, HDL-cholesterol and triglycerides were determined in plasma from the heparin tubes using Vitros 250 total cholesterol, Vitros 250 direct HDL cholesterol and Vitros 250 Triglycerides assays (Johnson & Johnson, Rochester, USA) respectively. LDL-cholesterol was calculated using the Friedewald Equation: LDL = Total cholesterol -HDL -(Triglycerides/5); (Friedewald et al., 1972) .
Glucose metabolism. Insulin was measured using the Immulite 1000 Insulin Method (Diagnostic Product Corporation, Los Angeles, USA) and glucose was measured using the Vitros 250 Glucose assay (Johnson & Johnson, Rochester, USA). Hba1c was determined in EDTA whole blood directly upon arrival in the laboratory using the Nyocard HbA1c assay (Axis-Shield, Oslo, Norway).
Haematology. Using the Coulter system (Coulter Corporation, Miami, USA) a haematological profile was obtained from EDTA blood directly after the samples arrived in the laboratory. Parameters provided were white blood cell count (WBC), percentages and numbers of neutrophils, lymphocytes, monocytes, eosinophils, basophils as well as red blood cell count, hemoglobulin, hematocrit, mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), red cell distribution width (RDW), platelets and mean platelet volume (MPV).
CRP.
From heparin plasma, C-reactive protein (CRP) level was determined using the Immulite 1000 CRP assay (Diagnostic Product Corporation, USA).
Fibrinogen. Fibrinogen levels were determined in citrate plasma, on a STA Compact Analyzer (Diagnostica Stago, France), using STA Fibrinogen (Diagnostica Stago, France).
Liver enzymes. Gamma glutamyl transferase (GGT), alanine aminotransferase (ALT), aspartate aminotransferase (AST) were determined in heparin plasma using the appropriate Vitros assays (Johnson & Johnson, Rochester, USA).
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Table 1
Overview of Blood and Urine Collection, Processing and Storage
At home visit After home visit, Transport At laboratory Storage Purpose before transport 2 × 9 ml EDTA blood
In melting ice Within 6 hours after sampling, 14 subsamples of ~500 μl, Biomarkers plasma was collected snap-frozen, stored at -30° C Red cells, buffy coat and rest Stored at -20° C DNA isolation plasma were stored 1 × 9 ml heparin blood
In melting ice Within 6 hours after sampling, 1 sample stored at -80° C Immortalized leukocyte cells were collected overnight, additionally in liquid cell lines nitrogen Plasma was collected 6 subsamples of ~500 μl, Biomarkers snap-frozen, stored at -30° C 1 × 9 ml heparin blood Transfer of 2.5 ml Room Snap-frozen on arrival PAX-tube stored at -30° C, RNA to PAX tube temperature later stored at VU University expression at -20° C LPS added to 37° C 6 hours after LPS, 2.5 ml blood PAX-tube stored at -30° C, RNA remaining 6.5 ml added to PAX tube; after 2 hours later stored at VU University expression room temperature snap-frozen at -20° C 1 × 4.5 ml CTAD blood In melting ice Plasma collection 4 subsamples of ~500 μl, Biomarkers snap-frozen, stored at -30° C 1 × 2.5 ml EDTA blood Room Within 6-8 hrs, measurement of No further storage Hba1c, temperature HbA1c, haematology Haematology 1 × 4.5 ml serum blood In melting ice Plasma collection 4 subsamples of ~500 μl, Biomarkers snap-frozen, stored at -30° C 2 × 9 ml urine
In melting ice Within 6 hrs, centrifuging to 2 x 9 ml tubes stored at -20° C Metabolomics decant urine without debris Creatinine. Creatinine level was determined in heparin plasma, using Vitro assay (Johnson & Johnson, Rochester, USA).
DNA Isolation
Blood. From one of the two EDTA tubes with buffy coat and red cells that were stored for each participant, DNA was extracted using the QIAamp DNA Blood Maxi (QIAGEN, Düsseldorf, Germany). DNA concentrations were determined using Nanodrop (NanoDrop Technologies Wilmington, Delaware, USA). All procedures were performed according to the manufacturer's protocols. Buccal. High molecular genomic DNA from mouth swab samples was extracted using a high salt (KAc) precipitation procedure followed by a standard DNA extraction method as previously described (Beekman et al., 2001; Meulenbelt et al., 1995; Min et al. 2006) .
RNA Isolation and cDNA Amplification
After processing and initial storage at -20° C, the PAXgene tubes containing whole blood for total RNA and miRNA extraction were shipped frozen to the Rutgers University Cell and DNA Repository (RUCDR), USA. Upon registration of samples, extractions were performed in a two stage process. In the first stage, for isolation of total RNA, samples were processed 96 at a time using solid phase extraction chemistry on a Qiagen Universal liquid handling system (PAXgene extraction kits as per the manufacturers protocol). Briefly, samples are lysed, neutralized and RNA bound to a plate based solid phase matrix. The bound material is washed and then eluted into a final volume of 120ul which contains purified, nuclease free total RNA from each sample. The range of RNA yield per sample is from 2.5 ug to 5 ug per 2.5 ml of whole blood in each PAXgene tube. During the total RNA extraction process the 'flow through' from the total RNA binding event is collected and bound to a different solid phase extraction matrix (RNAeasy) for collection and enrichment of small RNA species which predominantly includes the miRNA fraction from whole blood samples.
The total RNA and miRNA fractions are stored independently in Micronic 2D tube rack storage systems in multiple aliquots at -80C until accessed for analysis. Total RNA is measured by spectroscopy (NanoDrop) to determine purity and concentration (total yield is calculated from these values) while RNA fidelity is measured by the Agilent Bioanalyzer analysis. All QC analyses are stored in the RUCDR LIMS where each measurement and profile is linked to sample storage information.
Functional testing requires the conversion of total RNA to cDNA in order to make gene expression measurements. To ensure that each sample is a renewable resource, the RUCDR linearly amplifies cDNA from very small starting amounts of total RNA. The chemistry used to create linearly amplified cDNA is NuGEN WT-Pico Ovation chemistry. Briefly, 5 to 20 ng of total RNA from each sample is used to generate a high fidelity cDNA for array hybridization. Using Ribo-SPIA(tm) linear amplification "antisense" cDNA is generated by DNA polymerase replication of a double stranded DNA template prepared from mRNA. Single strand cDNA is prepared from total RNA using a unique DNA/RNA chimeric primer and reverse transcriptase. The primer has a DNA portion that hybridizes randomly to sites of the mRNA and an RNA portion that does not hybridize to the mRNA. The resulting cDNA/mRNA complex has a unique RNA target sequence at the 5´ end of the cDNA. After fragmentation of the mRNA in the cDNA/mRNA complex, DNA polymerase is used to synthesize a second strand including DNA complementary to the 5´ RNA unique sequence incorporated into the first strand. The resulting structure is double stranded DNA with a RNA/ DNA heteroduplex of unique sequence at one end. SPIA(tm) is a DNA amplification method developed by NuGEN. SPIA(tm) uses a DNA/RNA chimeric primer, DNA polymerase and RNAse H in a homogeneous, isothermal reaction that provides highly efficient amplification of DNA sequences. In the SPIA(tm) process, RNase H is used to remove the unique RNA sequence in the double stranded cDNA. The sequence now exposed is available for binding a second DNA/RNA chimeric primer. DNA polymerase, together with modified nucleotides in solution, is used to synthesize DNA starting at the 3´ end of the primer and displacing the existing forward strand. RNA at the 5´ end of the newly synthesized strand is again removed with RNase H, exposing part of the priming site for initiation of the next round of DNA synthesis. The process of DNA/ RNA primer binding, DNA synthesis and strand displacement and RNA cleavage of the primer is repeated with rapid accumulation of cDNA with sequence complementary (antisense) to the original mRNA. The typical yield from each reaction is approximately 10 ug of cDNA that can be used for any downstream gene expression analysis including and not limited to QPCR, Affymetrix GeneChip, Illumina BeadArray and Agilent Microarrays.
Cell Lines
The cryopreserved leukocytes (CPLs) were shipped in liquid nitrogen dry shippers to the RUCDR, USA for processing and conversion to transformed lymphocyte cell lines (LCLs). To initiate an Epstein-Bar transformation culture, the vials of cryopreserved lymphocytes were thawed in a 37º C water bath, and resuspended in a 25%FBS/RPMI-1640 medium. To remove dimethanolsulfoximide (DMSO), the cell suspension was centrifuged and washed once, after which the mixture was resuspended in 5 ml of transformation medium (25%FBS, RPMI-1640, 10% EBV supernatant, 0.1% phytohemaglutinin). This suspension was placed in a T25 flask on a layer of irradiated MRC-5 human lung fibroblasts (6,000 RADS in a Torrex x-ray cabinet, Faxitron Corp.) and placed in a 37° C humidified incubator with 5% CO2. On day 3-4 of incubation 2 to 3 ml of growth medium (25% FBS/RPMI1640) was added to the culture. Every 3 to 4 days the medium was supplemented by removing 2 to 3 ml of old medium from each flask and replaced with 2 to 3 ml of fresh medium. When the cell density of transformed lymphocytes increases, the cells detach from the adherent cell layer. The detached transformed lymphocyte cell suspension is transferred to a new T-25 flask (devoid of any MRC-5 cells). An additional 2 to 3 ml of fresh medium is added to the flask. This first split is maintained until the transferred lymphocytes are growing robustly, then the LCL culture is split a second time into new T-25 flasks. Once the robustly growing LCL culture has been passaged several times to remove dead cells, the cells are transferred into a T75 flask to provide adequate cell numbers for cryopreservation and DNA extraction.
Phenotype Data Collection During the Home Visit
During the home visit, participants received a brief interview. They were asked what time they got up that morning and whether this was their normal time of waking. Fasting status was checked and any deviation from overnight fasting was recorded. Participants were also asked whether they had a very large or fatty meal the evening before and whether they had physically exerted themselves just prior to the visit. If so, a description of the activity was noted. Participants were instructed in the confirmation letter to have at hand any medication they were using. They were asked about all current medication use and for all medicines the dose, brand and chemical names were recorded directly from the medication packaging. Fertile women not using oral contraceptives were asked to indicate the number of days since the first day of their last menstruation. Women using oral contraceptives reported whether they were in a pill-free week and, if so, the number of days since stopping pill use. In addition, they were asked the brand of the oral contraceptives they were taking. Use of other kinds of hormonal contraceptives was noted.
Participants were asked to rate their physical health as excellent, good, reasonable, moderate, or poor. They also indicated the last time they were ill (less than 1 week ago, less than 1 month ago, or more than 1 month ago) and what this illness was (having a cold (no fever), flu (with fever), infection or other). In the last case, a specification was asked. Participants also indicated whether they smoked or had ever smoked. If so, they were asked to report the number of cigarettes smoked and the number of years they had smoked. Past-smokers were also asked how many years ago they quit smoking. Height was obtained, weight was measured after blood sampling, after removal of shoes, and waist and hip circumference were determined.
Database Organization
Within the NTR data are stored in three different databases; the Administrative database, the Phenotype database and the Genotype database. Personal information such as name, address and relationships between participants are stored in the Administrative database on a separate network that is not physically connected to any other networks and login protected with different authorization levels (see for a more detailed description). The Phenotype database consists of a SPSS-based database directory structure, with separate SPSS files for different projects which may be linked through a unique individual ID. Genotypic information (e.g. microsatellite markers, SNPs) is stored in the Genotypic database, that is Progeny based, separate from the Administrative and Phenotype databases. A subset of the phenotype and genomic databases will also be mirrored in NIH based access controlled data repositories as a resource for the investigator community.
Results
We sent invitation letters out to 14,093 participants (64% of adult NTR participants). In response we received information that 96 individuals had died and 54 lived abroad. Another 2,190 individuals were not reached by phone. Of the 11,753 individuals who were successfully contacted by phone, 8,126 (69%) agreed to participate, 193 (2%) had problems deciding and 3,434 (29%) did not want to participate. For 453 individuals who agreed to participate an appointment was difficult to make, so the final number of participants recruited by this procedure was 7,673. For 30% of non-participants reason of refusal was not stated, 27% no longer wanted to take part in NTR research and 21% indicated they did not feel like taking part. In 8%, problems with blood sampling (e.g. afraid of needles, fainting) were stated as the reason for refusal. A comparison of non-participants with participants on characteristics known from previous questionnaires showed that non-participants were less often female (52% vs. 64%), were slightly younger (average birth year 1963 vs. 1960 in the men, 1964 vs. 1962 in the women) and had less often received higher education (27% vs. 39% in men, 22% vs. 33% in women) than participants.
The final number of participants in the NTR Biobank is 9,530. This number includes the participants who were recruited through the invitation procedure described above (N = 7,673), as well as additional twin mothers and family members who were recruited for the DZ twinning project (N = 1,059) and young adult twins, who were registered as children by their parents, and their siblings (N = 434). An additional 364 participants entered the study because their spouse or family member indicated their willingness to participate during the interview. If these individuals were already registered with the NTR and had also received an invitation for the study, they were scheduled for blood sampling but separate informed consent was still obtained. In case the individual was not yet registered with the NTR (which generally con-cerned the spouses of participants), they received a registration package at home and information and informed consent for the biobank study.
For 63 of the participants no blood sample could be taken during the visit and a second visit was not possible, thus only urine samples were been obtained. For 37 participants blood sampling failed on the first visit but was successful during a second visit. In 39 cases blood was collected twice, as either the blood collection was not complete at the first occasion or the participant took part in two of the projects that collected blood.
The 9,530 participants in the NTR biobank come from 3,477 nuclear families and some of these families may constitute a larger pedigree. There are 4,293 twins/multiples, 2,070 siblings, 1,209 fathers, 1,587 mothers and 371 spouses of twins/siblings included in the sample. Some persons may have multiple roles, for instance a mother of twins may also be a sister of twins, or a twin may be a spouse of another twin.
There are 1,663 complete twin pairs; 273 monozygotic male, 622 monozygotic female, 144 dizygotic male, 309 dizygotic female, and 299 dizygotic opposite sex complete twin pairs. For 16 complete twin pairs the zygosity is currently unknown but will become available in the near future. In addition, 7 triplet trios participated. Table 2 provides an overview of family structures available. For example, looking at line 3 there are 1,542 families in which two offspring (this may be multiples or siblings of multiples) participated. In 237 of these families no multiples are present (thus 2 siblings of multiples participated), in 192 families one member of a twin pair and thus one non-twin sibling participated and in 1,113 families a complete twin pair is present (so no additional siblings participated). In 634 of the families in which a complete twin pair participated, these twins were monozygotic. In 818 of the 1,542 families with two offspring no parents participated, in 214 families one parent and in 510 families both parents participated. In 1,385 of the families with two offspring the spouses of twins did not take part, while in 132 cases one spouse and in 25 families two spouses participated. Sex and age sex distribution. There are 3,554 male and 5,976 female participants in the NTR biobank. Figure 1 presents the age distribution for males and females separately. Based on this distribution we present the data collection for four groups; males younger than 50 yrs (N = 1,996, average age 31.89, SD = 7.66), females younger than 50 yrs (N = 3,741, average age 34.25, SD = 8.09), males aged 50 yrs or older (N = 1,558, average age 61.67, SD = 6.90) and females aged 50 yrs or older (N = 2,235, average age 60.34, SD = 7.48). Interview data obtained during home visit. Table 3 provides an overview of the data collected at the time of the interview for general health, medication use, smoking behavior, and fasting status for men and women. Self-reported physical health. The vast majority of the sample reported to be in good or excellent health. In general, the percentage was somewhat lower for women than for men and for older than younger individuals. Men compared to women more often reported excellent health, while the difference in older versus younger individuals was mainly due to fewer old individuals reporting good health. Medication use. Medication use was markedly higher in the older groups (24% versus 60%) and while women reported more medication use than men, this difference was greatest in the young individuals. Smoking behavior. The percentage never-smokers was highest among the young individuals with only a small difference between men and women (54.7% vs. 57.5%). In the older individuals fewer men reported never to have smoked than women (23.0% vs. 42.5%). The percentage of current-smokers was highest among the young males (28.1%) and lowest in the older women (19.6%).
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The Netherlands Twin Register Biobank Table 2 Family Structure Within the NTR Biobank 1  906  200  706  0  0  0  582  123  201  836  70  0  0   2  1542  237  192  1113  0  634  818  214  510  1385  132  25  0   3  529  53  36  434  6  210  264  67  198  457  59  12  1   4  107  24  7  75  1  30  60  22  25  91  13  3  0   5  29  3  3  23  0  13  19  4  6 Fasting. More than 94% of the participants kept to the instruction not to eat as of the evening before the blood sampling. This percentage was highest in the older women (96.2%). Descriptive statistics of continuous variables were estimated in groups of unrelated individuals, so standard deviations are unbiased. This selection results in 1404 males aged < 50 years (average age 32.56, SD = 7.50), 2,307 females aged < 50 years (average age 34.28, SD = 7.89), 1,440 males aged 50 and over (average age 61.76, SD = 6.86) and 1,878 females aged 50 and over (average age 60.33, SD = 7.16). Please note that family members may still be present across groups; for example, father aged 50 years and over and daughter aged < 50 years. Table 4 presents the descriptive data for body composition for each of the four groups. As expected, men are taller and heavier than women and older individuals are slightly shorter than younger individuals and have a higher weight, BMI, waist and hip circumference and higher waist/hip ratio. Men and women have a similar BMI and hip circumference but overall women have a smaller waist circumference and thus a lower waist/hip ratio. Table 5 , 6 and 7 present the average levels and standard deviations for parameters measured in plasma for the four groups. Only data from fasting individuals were included in the descriptives. Lipid profile. As can be seen in Table 5 , data for total cholesterol, HDL cholesterol, LDL cholesterol and triglycerides show a less favourable lipid profile in older individuals, who have on average higher total cholesterol, LDL cholesterol, and triglyceride levels and lower HDL cholesterol levels than young individuals. In both age groups, the most marked difference between men and women is the higher HDL cholesterol level in women and in the young women this is accompanied by lower LDL cholesterol and triglyceride levels than in the men. Glucose metabolism. Compared to the younger individuals, glucose and Hba1c are slightly increased but insulin levels are clearly higher in the older individuals. Overall, men and women do not differ much in their average glucose, insulin and Hba1c levels, although the older women have somewhat higher insulin levels than the older men. Haematology profile. 
Body Composition
Parameters Measured in Blood
Figure 1
Age distribution in the sample, separate for men and women.
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ences can be seen between the four groups. In the older age groups the difference between men and women in the neutrophil count and percentage becomes stronger, with women having a lower percentage but higher neutrophil count than men. The number and percentage of lymphocytes is larger in men than in women and in both sexes the percentage is higher in older individuals though the count is somewhat lower. The red blood cell count is somewhat higher in young men than in the other three groups and the number of platelets is lower in men than in women in both age groups. CRP. As can be seen in Table 7 , CRP levels are higher in women than in men and higher in the older than in the younger individuals. Fibrinogen. Fibrinogen levels show a similar pattern as CRP, levels are higher in women and in older individuals.
Liver enzymes. Overall, women have lower levels of GGT, ALT, AST, and creatinine, in both age groups. In older individuals levels of AST and creatinine show a slight increase, but a strong increase can be seen for GGT, in particular for the women, while in older men the ALT level is increased compared to the younger men.
Genotypic Information
DNA. Isolated DNA from blood samples is currently available for 9,461 individuals. The average DNA concentration for these samples is 226.3 (SD 124.98) ng/µl. In addition to DNA extracted from blood samples, buccal DNA was obtained for 2,855 of the participants, including 897 complete twin pairs and 1 set of triplets. As part of the GAIN-NIH Initiative, genome-wide SNP data were obtained using the Perlegen/Affymetrix 5.0 600K platform for 1,875 individuals (see , this same chip was later also used for 25 extra participants. In addition to GWAS data for unrelated individuals, data were also included for trios, that is father, mother and one offspring (Pardo et al., 2009 lished for 4,072 samples with a failure rate of less than 0.1%. These cell lines will provide a renewable resource for ongoing genetic studies.
Additional Phenotype Information From Participation in Longitudinal Surveys and Other Projects
Of the 9,530 participants in the biobank, 90% also participated in longitudinal surveys. Of the biobank participants, 1,654 also took part in studies on cardiovascular functioning, including heart rate and blood pressure monitoring, and 1,202 in studies on cognitive and brain function.
Discussion
Finding genes for complex diseases and traits has proven to be difficult, but as larger studies are performed more polymorphims are found that associate with complex phenotypes. An important requirement is the availability of biobanks with collections of biological material from a large number of participants. In addition, availability of extended phenotypic information, preferably not only biological but also environmental, is needed. The NTR Biobank has such information available on 9,530 participants. The common reason for inclusion in the study was being a twin or multiple or a family member (either biological or nonbiological) of a multiple. Twinning occurs in all layers of society and thus, although females and higher educated individuals are somewhat overrepresented and non-caucasian individuals are underrepresented, the NTR Biobank may be seen as a good representation of the majority of the Dutch population. This is somewhat different from the many biobanks that have been established to study particular diseases. In addition to the information collected during the home visit, questionnaire information through the longitudinal survey on health, lifestyle and personality is also available for the majority of participants. The influence of genes may thus be examined for a wide variety of phenotypes in the area of physical health, lifestyle, personality and psychiatric disorder. Indeed, genome wide scans within the NTR biobank have been conducted for smoking (Vink et al., 2009 ), exercise behavior (de Moor et al., 2009) , depression (conducted in collaboration with the Netherlands Study of Depression and Anxiety, see , lipids , glucose (Dupuis et al., 2009; Prokopenko et al., 2009 ) and haematology (Fereirra et al., 2009) . A large group of participants completed more than one survey and in the coming years all participants will continue to be asked to participate in the longitudinal survey. Thus, important information on the development of disease and related traits is available and will be added to in the future.
In the surveys individuals were also asked to indicate whether data may be linked to external health registers, such as the Cancer Registration and the Dutch central archive of pathological reports (Palga, Vink et al., submitted) . Such linkage will allow us to move outside measured risk factors and questionnaire-based information on disease to clinical diagnosed diseases.
The extent of the biological material collection in the NTR Biobank is such that recent developments in genomic analysis can be easily accommodated. For example, selected blood samples have been used for an epigenetic study (Talens et al., in press) and urine samples for a metabolomic pilot study (unpublished data). The creation of transformed cell lines and the processing of the RNA basal and expression samples add to the possibilities for future studies.
Conclusion
The NTR biobank presents a unique combination of a twin family population-based design, extended biological information and longitudinal survey data collection and offers opportunities for DNA based and RNA expression studies as well as for future metabolomic and proteomic projects. The NTR biobank thus provides a valuable resource for the study of genetic determinants of individual differences in mental and physical health. This resource is further augmented through a collaboration with the NIMH Center for Genetics Studies (http:\\NIMHGenetics.org) that will make a substantial subset of the NTR biobank available to the research community.
